Objective: To evaluate the efficacy and safety of the vasoconstrictor used in local anesthesia during dental extraction in controlled hypertensive patients. Study Design: A prospective observational study was carried out in hypertensive patients (n=97) with a mean age of 60.45±9.60 years. The following parameters were monitored at three different timepoints (before the procedure, 3 minutes after local anesthesia infiltration, and 3 minutes after the operation): blood pressure (diastolic and systolic), heart rate, and oxygen saturation. Anesthesia (1-3 carpules) was provided in the form of articaine with 4% epinephrine as vasoconstrictor in one group, while another group received 3% mepivacaine without vasoconstrictor. Results: All patients presented primary hypertension (n= 97)(grade I in 57.7% of the cases and grade II in 42.3%). The most widely used antihypertensive drugs were angiotensin II receptor antagonists (ARA II). The only significant differences observed corresponded to systolic blood pressure measured before and after dental extraction in the group of hypertensive patients anesthetized with vasoconstrictor. Conclusions: In procedures such as dental extraction, no significant hemodynamic changes in well controlled hypertensive patients are seen attributable to anesthetic use with a vasoconstrictor, when fewer than three local anesthetic carpules are administered.
Introduction
Local anesthetics reversibly block nerve conduction, inhibiting excitation of the myelinated and unmyelinated nerve fibers, slowing the velocity of the process in the depolarization phase, and reducing sodium ion influx. The local anesthetics most often used in dental practice include lidocaine, articaine and mepivacaine. These drugs are normally used in combination with a vasoconstrictor, with the purpose of slowing systemic absorption of the anesthetic -thus prolonging its action and the intensity of block. The use of a vasoconstrictor also increases safety, because lower anesthetic doses are needed, thereby contributing to lessen toxicity. In addition, a certain degree of ischemia is maintained, which facilitates hemostatic action and lessens bleeding (1) . The most commonly used vasoconstrictors are epinephrine (adrenalin) and the norepinephrine (noradrenalin). These drugs act upon the alpha-adrenergic receptors of the vascular smooth muscle, causing vasoconstriction of the arterioles and venules of the local microcirculation. While epinephrine exerts its maximum action three minutes after injection, and the effect persists for about 30 minutes, it can cause adverse effects upon the central nervous and cardiovascular systems. Sung et al. (2) found that the administration of progressive doses of epinephrine at concentrations lower than those used in dental practice gives rise to increases in myocardial yield and oxygen consumption. On the other hand, it is known that pain during dental treatment can trigger endogenous catecholamine release, which in turn can give rise to hemodynamic changes, such as increases in blood pressure and heart rate, and may even produce arrhythmias. Some authors (3) have reported significant increases (5-12 mmHg) in systolic blood pressure in patients subjected to root scaling and planing using anesthesia with a vasoconstrictor. There has been controversy regarding the use of epinephrine with local anesthetic solutions in patients with a history of cardiovascular problems, though at present the application of local anesthesia with a vasoconstrictor appears to be safe in avoiding patient pain and discomfort during dental treatment (4, 5) . The present study evaluates the safety and efficacy of two different local anesthetics (articaine and mepivacaine), with vasoconstrictor (VC) and without vasoconstrictor (WVC), in controlled hypertensive patients.
Material and Methods
An observational study was made of the hemodynamic constants of controlled hypertensive patients subjected to dental extraction. The study sample consisted of 97 adults seen in the Stomatology Unit (Dr. Peset University Hospital, Valencia, Spain) during the year 2009 for dental extraction. There were 64 females and 33 males, with a mean age of 60.45±9.60 years (range 34-87). A prior clinical history was compiled, a clinical examination was carried out, and a panoramic X-ray study was requested to evaluate buccodental health. The patients were monitored for diastolic blood pressure (DBP) and systolic blood pressure (SBP), and pulsioximetry was used to record heart rate (HR) and oxygen saturation (SpO2). These hemodynamic parameters were recorded at three different timepoints: before the start of the procedure, three minutes after local anesthesia infiltration, and again three minutes after completing the surgical procedure. The following inclusion criteria were established: hypertension controlled with antihypertensive medication; a maximum SBP of 139 mmHg, and a maximum DBP of 89 mmHg. Likewise, the patients were required to show very little anxiety or fear of extraction. All patients were informed of the purpose of the study, and signed consent was obtained in all cases. Dental extraction was carried out in a relaxed atmosphere, with no anxiolytic premedication. On the day of the extraction the patients had a light breakfast and were instructed to take their usual medication at that time. The consumption of alcohol or coffee, and smoking, were to be avoided from the night before. Blood pressure (BP) was measured with an electronic sphygmomanometer (OMRON ® Automatic Blood Pressure Moit no. 3). In the case of atrial fibrillation, a mercury sphygmomanometer was used. The cuff was placed on the right arm with the patient sitting in the dental chair. Pulsioximetry was carried out with the Fingertip pulse Oximeter pm-50 ® , applied to the left index finger, which was required to be clean and free of nail varnish. Infiltrating or regional (for lower molar extractions) local anesthesia was provided in the form of 4% articaine with epinephrine 1:200,000, injecting the anesthetic slowly and aspirating with an auto-aspirating syringe (Aspijet ® , INIBSA). In all cases it was confirmed that the anesthetic solution was not directly injected into the bloodstream. A maximum of three anesthetic carpules were injected according to need (only one patient requiring 3 carpules). In the patients subjected to anesthesia without a vasoconstrictor (WVC), 3% mepivacaine was administered under the same conditions as in the patients with vasoconstrictor (VC). A single tooth was removed in each patients: 34 anterior sector teeth (35%), 27 premolars (27.83%) and 37 molars (38.14%) -including erupted third molars. For all sectors (anterior, premolars and molars) there were 45 right-side teeth (46.39%) and 52 left-side teeth (53.60%). The indications for dental extraction were caries in 70 cases, periodontitis in one case, and combined caries and periodontitis in 26 cases.
Results
The 97 patients included in the study presented a mean height of 169.94±8.42 cm and a mean body weight of 66.70±8.48 kg (range 60-95 kg). All had been diagnosed with primary hypertension. A little over half of the patients (57.7%) presented grade I hypertension, while 41 had grade II hypertension (42.3%). None of the study subjects had grade III hypertension ( Table 1) . The patients used antihypertensive medication -in 49.5% of the cases (n=48) in combination with other drugs indicated for other diseases. The most commonly used antihypertensive drugs were angiotensin II receptor antagonists (ARA II), while 10.3% (n=10) were receiving calcium antagonists.
Most of the patients (76.3%) had some other disease apart from hypertension, while 23 presented hypertension only (23.7%). The most common comorbidities were ischemic heart disease, stroke and type 2 diabetes mellitus. Dyslipidemia was confirmed by the laboratory tests in 27 patients. As regards toxic habits, 31 patients were smokers (32%) and 66 non-smokers (68%). There was only one regular consumer of alcohol. A quarter of the study sample (21.6%) was overweight. In 21 cases (21.6%), anesthesia for dental extraction involved no vasoconstrictor, while epinephrine was used in 76 cases (78.4%). As regards the number of anesthetic carpules used, one was required in 42 cases (43.3%), two in 55 cases (56.7%), and three in only one patient. 
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Analysis of the global patient series (with and without vasoconstrictor) revealed no significant results at any of the three timepoints for the different study variables, i.e., DBP, SBP, HR and SpO2. On evaluating the associations between variables at the three timepoints during dental extraction in the group of patients subjected to local anesthesia without vasoconstrictor (WVC), the only significant difference observed corresponded to SBP before (SBP1) and after extraction (SBP3)(t= -2.09 p=0.049) (Fig. 1) . In contrast, no differences were observed between the DBP values at the three monitoring timepoints (DBP1, DBP2 and DBP3). In the case of the patients subjected to local anesthesia with vasoconstrictor (VC), the only change observed corresponded to heart rate before the procedure (HR1) and three minutes after anesthetic injection (HR2), though the difference only tended towards statistical significance (t= -1.93 p=0.056). In this context, both HR1 and heart rate at the end of the procedure (HR3) were lower than HR2 (Fig. 2) . The patients requiring less than two anesthetic carpules likewise showed a nonsignificant change in SBP between the first and third monitoring timepoints (i.e., SBP1 and SBP3) (t= -1.94 p=0.058). Lastly, the patients requiring two or more anesthetic carpules showed a nonsignificant change in heart rate between the first and second monitoring timepoints (HR1 and HR2) (t= -1.95 p=0.056).
Discussion
Many hemodynamic studies have been made in patients subjected to local anesthetic injection with a vasoconstrictor (6-9). Some have been in subjects without a history of disease -no significant changes having been recorded in either blood pressure (systolic and diastolic) or heart rate. However, some authors have suggested that such changes are dependent upon the injected vasoconstrictor dose (10) . In this context, it is clear that important variations are to be expected if the injection technique is not performed carefully and the solution is accidentally injected into a blood vessel (11) . On the other hand, catecholamines can give rise to clinically relevant interactions with other administered drug substances such as beta-blockers, tricyclic antidepressants, monoamine oxidase inhibitors (MAOIs) and certain sympathomimetics such as cocaine (12) . Dionne et al. (13) found that after the administration of 5.4 ml of 2% lidocaine with epinephrine 1:100,000, taking care to avoid intravascular injection, the heart rate was increased in 19% of the cases, and cardiac output in up to 30%. According to Silvestre et al. (14) , the fact of using or not using a vasoconstrictor with the local anesthetic solution exerts no effect upon blood pressure in normotensive patients -though a certain increase in systolic blood pressure (SBP) was noted at the moment of tooth extraction and at the end of the procedure. This was attributed to increased patient anxiety during extraction, taking into account that the difference was comparatively greater between SBP at the start of the procedure and at the actual moment of extraction. Fellows et al. (15) , using intravenous injections of epinephrine (3.5 pg in one minute), recorded a 30% increase in heart rate (HR), though the values returned to baseline levels after 15 minutes. Some studies have suggested that while epinephrine injected as a vasoconstrictor is associated with transient effects in normotensive patients, hemodynamic complications could develop in uncontrolled hypertensive subjects, with possible cardiovascular accidents (16) -though such problems would be related to the dose of vasoconstrictor administered, and to the local anesthetic used (10) . In contrast, in the present study we recorded no changes in the hypertensive patients administered a vasoconstrictor. The only observation worth mentioning was an increase in mean SBP (more reactive) between before and after the surgical procedure among the patients not exposed to vasoconstrictor (WVC). This could be more closely related to patient anxiety or discomfort, as has already been seen in healthy individuals (14) . Likewise, Laragnoit et al. (3) reported no increases in heart rate or blood pressure in patients with heart disease during dental treatment with local anesthesia plus a vasoconstrictor. Neves et al. (5) , in patients with 
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References with links to Crossref -DOI a history of ischemic heart disease during restorative dental treatment, recorded small increases in systolic blood pressure, in coincidence with our own findings. However, they documented no significant differences in heart rate, blood pressure or the appearance of arrhythmias according to whether a vasoconstrictor was used or not. The present study was designed to evaluate changes in three hemodynamic parameters (blood pressure, heart rate and SpO2) measured at three different timepoints during a routine dental procedure (tooth extraction), in a series of controlled hypertensive patients. No significant changes were observed in any of the study parameters. The patients subjected to local anesthesia with a vasoconstrictor showed a behavior similar to that observed in an earlier study by our group in patients without hypertension (14) .
